The recent war greatly stimulated the study of human tolerance to various changes in environment. This article confines itself to tolerance to increased tensions of oxygen, though there are other important factors at increased pressures which are not considered here. At sea-level there is an oxygen tension of about 159 mm. of mercury, and this is the maximum oxygen tension encountered in any natural environment. The oxygen tension in the tissue spaces of warm-blooded animals is from 20 to 40 mm. of mercury. In under-water work man, by means of various appliances, breathes gases at the pressure to which he is exposed, this being the first essential of prolonged underwater existence. The second essential is that his respiratory movements must continue within their normal range and with their normal frequency. The third is that the gases to which he is exposed must not be noxious, either at the time of exposure or on returning to normal atmosphere. Under most operational cond,itions it is preferable that the diver is self-dependent and carries his respiratory gases with him. If he carries air, then this must be expelled from his apparatus after each breath and there is great wastage and exposure to dangerous tensions of nitrogen. If he carries oxygen, this gas can be employed not only for metabolic purposes but for the essential rinsing of the lungs during respiratory movement. Thus no gas is wasted and maximum endurance for a minimum load is possible. It would appear, therefore, that oxygen is the ideal gas for this purpose, provided it is devoid of toxic effects. It is almost certain that the tissues of man, when breathing oxygen at increased tensions, are exposed to an internal environment which has been previously unknown to Priestley, 1935) reported confusion and amnesia in deep-sea air divers at 300 ft. (91.4 m.), and these symptoms were attributed to the raised tension of oxygen. These effects were proved by Behnke et al. (1935) to be due to the intoxicant effect of nitrogen at high pressures. Yet as a result of this misconception diving on pure oxygen was limited in the Royal Navy to 2 ats. abs. (apart from submarine, escape). In 1933 two Royal Naval officers, Damant and Phillips, breathed oxygen at 4 ats. abs. in compressed air. Convulsive symptoms occurred in 16 and 13 minutes respectively. Phillips suffered a major conulsion after being turned on to air but while still at 4 atmospheres pressure (Thomson, 1935). In 1934-6 Behnke and co-workers carried out a series of human experiments.
PART I
The recent war greatly stimulated the study of human tolerance to various changes in environment. This article confines itself to tolerance to increased tensions of oxygen, though there are other important factors at increased pressures which are not considered here. At sea-level there is an oxygen tension of about 159 mm. of mercury, and this is the maximum oxygen tension encountered in any natural environment. The oxygen tension in the tissue spaces of warm-blooded animals is from 20 to 40 mm. of mercury. In under-water work man, by means of various appliances, breathes gases at the pressure to which he is exposed, this being the first essential of prolonged underwater existence. The second essential is that his respiratory movements must continue within their normal range and with their normal frequency. The third is that the gases to which he is exposed must not be noxious, either at the time of exposure or on returning to normal atmosphere. Under most operational cond,itions it is preferable that the diver is self-dependent and carries his respiratory gases with him. If he carries air, then this must be expelled from his apparatus after each breath and there is great wastage and exposure to dangerous tensions of nitrogen. If he carries oxygen, this gas can be employed not only for metabolic purposes but for the essential rinsing of the lungs during respiratory movement. Thus no gas is wasted and maximum endurance for a minimum load is possible. It would appear, therefore, that oxygen is the ideal gas for this purpose, provided it is devoid of toxic effects. It is almost certain that the tissues of man, when breathing oxygen at increased tensions, are exposed to an internal environment which has been previously unknown to living matter, and it is therefore difficult to postulate what the reaction to such tensions would be. Whales, in deep dives, protect their general tissues by the complete collapse of their relatively small lungs and transfer of the gases to the inactive dead space.
The first important contribution to this subject was made by Paul Bert in 1878. His pioneer work has withstood the test of time in a most impressive manner. He showed that oxygen at increased pressures was highly poisonous and that no living matter was exempt. Larks exposed to 15-20 atmospheres of air convulsed and finally died. In a large series of experiments Bert showed that the oxygen tension was the decisive factor in the immediate effect of air or of Priestley, 1935) reported confusion and amnesia in deep-sea air divers at 300 ft. (91.4 m.), and these symptoms were attributed to the raised tension of oxygen. These effects were proved by Behnke et al. (1935) to be due to the intoxicant effect of nitrogen at high pressures. Yet as a result of this misconception diving on pure oxygen was limited in the Royal Navy to 2 ats. abs. (apart from submarine, escape). In 1933 two Royal Naval officers, Damant and Phillips, breathed oxygen at 4 ats. abs. in compressed air. Convulsive symptoms occurred in 16 and 13 minutes respectively. Phillips suffered a major conulsion after being turned on to air but while still at 4 atmospheres pressure (Thomson, 1935 The first series of experiments to be carried out was to determine the oxygen tolerance of a group of healthy male subjects at a fixed oxygen tension -(3.7 ats. abs.). This series was carried out in a pressure chamber of 100 c. ft.
(2.83 i.3) capacity. The subject was seated opposite two observers who were in telephonic communication with those outside. All subjects breathed oxygen at pressure until acute symptoms occurred. Experiments in compressed air have a number of advantages. The subject's state can be easily observed and subjective end-points are less likely. Convulsions are a lesser risk. Oxygen was breathed from a Siebe Gorman "salvus " apparatus. Efficient rinsing out of the subject's lungs was carried out and repeated frequently. A series of analyses, however, showed that even with this regime it was difficult to maintain a concentration higher than 95% of oxygen. In most exposures the pulse and respiratory rates were noted every five minutes. Subjects varied from cooks to recently trained divers, experienced divers, submarine ratings, medical officers, special service operational personnel, and mine-disposal officers and ratings. All were Grade Al in fitness, and ages varied from 18 to 40 years. Experiments carried out in this manner are referred to hereafter as in the " dry," in contrast to those carried out under water and referred to as in the " wet." The results of these experiments are given in Table I and shown graphically in Fig. 4 (in the "dry "). Oxygen Tolerance under Water It has already been emphasized that up to the beginning of these investigations all experiments regarding oxygen tolerance had been carried out by subjects in dry chambers. A series of dives was initiated to discover whether man's tolerance under water was similar to that so far determined in compressed air. The experimental arrangements can be seen in Fig. 3 , which is self-explanatory. The carried out in the " wet " to a definite end-point by groups of subjects at 50, 60, 70, 80, 90 , and 100 ft. in an attempt to obtain a clear overall picture. The results are shown in Fig. 7 . The increased toxicity as the depth becomes greater is clearly shown. The highly skew distribution conforms satisfactorily with the Galton-MacAlister law, and it can be demonstrated that all curves in Fig. 7 are the same curve. In other words, the variability of the group is independent of the depth. The coefficient of variation has the huge values of 76-109%,, as compared with about 3-4% for such human characters as height, arm length, and alveolar carbon dioxide level. Even more remarkable is the fact that a single diver gave a graph (Fig. 6) Najjar, 1943; Ellinger and Coulson, 1944; Ruffin, Cayer, and Perlzweig, 1944 ; Roberts and Najjar, 1944; Coulson, Ellinger, and Smart, 1945 Ellinger, Benesch, and Hardwick, 1945) , based on the daily urinary elimination of nicotinamide methochloride and the response to orally administered nicotinamide. These tests are believed to provide information about the nicotinamide state of the tested person, and, indeed, the findings by Holt and Najjar (1943), Roberts and Najjar (1944) , Ellinger, Benesch, and Kay (1945), and Ellinger, Benesch, and Hardwick (1945) show a significantly lower nicotinamide methochloride elimination and response to ingested nicotinamide in pellagrins than in physically fit persons. This is remarkable, since the intake, consumption, and storage of nicotinamide, which determine the nicotinamide state of the body, are probably not the only factors responsible for the extent of the elimination of nicotinamide methochloride. Ellinger and Coulson (1944) mentioned the presence of "methyl-donators" and the efficiency of the methylating mechanism as influencing the extent of nicotinamide methochloride elimination. Malabsorption from the intestines was earlier considered as a possible aetiological factor in pellagra (Ellinger, Hassan, and Taha, 1937) , and it was proved to affect the response to ingested nicotinamide in pellagrins but not in healthy persons (Ellinger, Benesch, and Kay, 1945 consume nicotinamide, and the findings by Koser and Baird (1944) that, inz vitro, some strains of Pseudomonas and Serratia, and by Benesch (1945) that anaerobes from the intestines, also in vitro, destroy nicotinamide, suggest other factors influencing the response to orally administeredi nicotinamide. It was desirable to study the influence of these various factors on the response to ingested nicotinamide. Unfortunately the number of cases of various liver diseases was so far not large enough for study of the effect of the methylating mechanism, and experiments on rats with induced liver diseases were not yet conclusive (Ellinger, 1946) .t But the effect on the response to ingested nicotinamide of the presence of " methyl-donators " and of the route of ingestion could be studied, and this forms the subject of the present communication.
Experimental Experiment 1.-On 5 healthy persons (2 males, 3 females) and 1 diabetic male, balanced by diet and insulin, of known low methylating capacity (Nos. 1-6). The daily nicotinamide methochloride elimination was measured in 24-hour samples of urine for 3 days without extradietary intake of nicotinamide and, on the 4th day, after the oral ingestion of 100 mg. of nicotinamide at the beginning of the 4th day's urine collection. On the 5th, 6th, and 7th days no urine was collected. On the 7th to 11th days 1 g. of methionine was ingested orally every 12 hours. Urinary nicotinamide methochloride elimination was investigated in 24-hour samples on the 8th to 11th days; no extradietary nicotinamide was administered on the 7th to 9th days, and 100 mg. of nicotinamide was taken by mouth on the 10th day. The experiment was spread over the second half of 1945. All persons continued with their usual work and had their usual food during the experiment.
Experiment 2.-On 5 physically fit inmates of West Park Hospital-i male and 4 females (Nos. 7-11). The urinary elimination of nicotinamide methochloride was estimated for 14 days-the first 3 days without extradietary administration of nicotinamide, the remaining 11 days after daily ingestion of 100 mg. of nicotinamide at the beginning of the collection period. In addition, 1 g. of methionine was ingested by mouth every 12 hours on the 9th, 10th, and 11th days. The experiment was carried out between March 14 and 31, 1945. All persons in this and the following experiments received the usual hospital diet and were kept in bed or indoors during the experiment.
Experiment 3.-On 8 inmates of West Park Hospital-I male and 7 females . Four of these were physically fit, one was a physically fit woman who had suffered from pellagra in recent years, and three were pellagrins. The only differences from Experiment 2 were that every second subject was given the daily 100 mg. nicotinamide subcutaneously instead of orally during the whole experiment, while the other half received it by mouth as all subjects in Experiment 2, and the nicotinamide methochloride estimation was continued for one (15th) day after the nicotinamide administration came to an end. The experiment was carried out from April 30 to May 23, 1945. Experiment 4.-On 5 physically fit and 3 pellagrous female inmates of West Park Hospital . The arrangements in this experiment differ from those of Experiments 2 and 3 in that nicotinamide was administered throughout the experiment to all persons subcutaneously instead of orally, and that 500 mg. (250 mg. twice daily) were given instead of 100 mg. for all 11 days. Urinary nicotinamide methochloride elimination was measured for 15 days, as in Experiment 3. The experiment was carried out between July 10 and 25, 1945.
Experiment 5.-On 9 inmates of West Park Hospital-3 males and 6 females (Nos. [28] [29] [30] [31] [32] [33] [34] [35] [36] . Six of these were physically fit t Since this paper was submitted for publication experiments have been carried out showing that experimental liver poisoning in rats causes, after a preliminary rise in nicotinamide methochloride output due to tissue disintegration, a diminished spontaneous nicotinamide methochloride elimination in urine and a diminished response to dosed nicotinamide. Evidence has been obtained also for the elimination of nicotinamide methochloride in the bile and the destruction of the compound by intestinal bacteria in vtitro (Ellinger, 1947) 
